Due to restrictions on personnel availability, the service capacity at a health facility may vary day to day based on an established schedule. This temporal variability influences a user's choice set, modifying their possible choices. As a result, the spatial accessibility of public health care may be constantly reshaped rather than being a relatively static experience as commonly represented in place-based spatial accessibility literature. Building on the latest advances in the two-step floating catchment method, this study presents further advancements through the inclusion of health facility schedules to better represent health care availability in the assessment of accessibility. The results show that the proposed method reveals communities with relatively poor accessibility that are hidden with many existing methods. By exposing the available care within time windows, a more accurate picture of the services available to be accessed is revealed. The findings suggest that improvement in the number of doctor hours at health facilities may reduce the disparities found in accessibility scores for communities. Further, in public health care systems similarly structured, the spatial configuration of facilities with doctors can be considered at the administrative level to ensure adequate levels of access across the jurisdiction.
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| INTRODUCTION
Spatial accessibility to health care is recognized as an important factor of population health. 1, 2 The unequal availability or the opportunity to utilize these health care services may hold significant sections of a population captive in environments that contribute to ill health; since neither a population nor health services are evenly distributed in space, variations in spatial accessibility to health care invariably occur. 2, 3 It is therefore important that some evaluation of the opportunities that residents of a given area have to potentially utilize available health services be done.
Accessibility describes the relationship between the location of supply and demand and how they are linked. 4 Categorization is often done along spatial and non-spatial dimensions. 5, 6 Spatial accessibility focuses on how geographic distance impacts the link between health supply and population demand referring to the ease with which members of a community can reach available medical care. 7 A further distinction can also be made between locational accessibility, which describes the degree of proximity to health services and effective accessibility which considers the potential availability of services.
There are two overarching approaches to measuring spatial accessibility: place-based and space-time measures.
Place-based measures look at the proximity of activities to a specific location or locations, representing the persons within. Rather than using place as a representative for the people and activities, space-time accessibility measures examine an individual's activity in space and time as well as their use of places within space-time constraints. 8, 9 While much of the research on spatial accessibility has been based in developed countries, there is no requisite technical or theoretical limitation on the use of spatial accessibility techniques in smaller areas. 7, 10, 11 In smaller countries because distance to services is relatively smaller, there is a perception that spatial accessibility is not an issue. However, accessibility issues arise from the lack of transport options and socio-economic factors. The effect that distance has on health accessibility is unique in both developed and developing countries requiring individual study. 4, 12 As a result, spatial accessibility research has been increasingly found in developing countries. 13, 14 Measures of spatial accessibility strive to compute a score that represents users' potential ability to overcome distance and utilize provided services, considering the proportion of population demand in relation to the available health supply. Measures based on the Two
Step Floating Catchment Area (2SFCA) method have grown in popularity due to their methodological strengths. Health supply, population demand, and distance are the underlying components of 2SFCA measures; all are temporally influenced. While the link between the spatial organization of services and accessibility is eminently understandable and often addressed in place-based measures, the temporal organization of health services must also be of concern. The expansion and/or contraction of health delivery service hours also affect the level of accessibility across a day. 9, 15 Temporal constraints also exist due to transit mode and time of transit which in turn affects the number of destinations (health facilities) a user may reach with a given time. 16, 17 Within current scholarship, place-based measures of spatial accessibility often do not account for the effect of time on spatial accessibility. As widely used as 2SFCA measures are, their lack of accounting for temporal variations means that there is a significant limitation in the current application of 2SFCA measures.
The 2SFCA method only depicts accessibility as the maximum number of opportunities possible in each area without consideration for health scheduling. As such, there is no acknowledgement of the possible gaps in accessibility in each area. To address this limitation, concepts developed in time geography and space-time accessibility measures can be drawn on. Rather than attempting to visualize the possible paths in time and space at the individual level as with space-time accessibility measures, it is possible to evaluate what is available to be accessed in space and time by adjusting the temporally influenced factors in existing 2SFCA measures. In so doing, 2SFCA
methods should be better able to account for the variability of spatial accessibility of a place, within space and time.
The aim of this study was to provide a more sophisticated assessment of spatial accessibility to health care in small countries. More particularly, the objective is to improve the evaluation of spatial accessibility by proposing a method which accounts for health availability in time within the 2SFCA construct. A case study was done on the island of Tobago with the proposed method. The remainder of this paper is set out as follows: Section 2 briefly presents information on the study area and the data used. Section 3 reviews the original 2SFCA method and the latest modifications to it. The section also illustrates the issues with the current method and details the proposed method.
Section 4 presents the results of the research. The final sections discuss the findings and summarize the research and identify areas for future research.
| BACKGROUND
The island of Tobago is a semi-autonomous island within the twin-island country of Trinidad and Tobago (Figure 1 ).
The Tobago Regional Health Authority is responsible for the administration and delivery of public health care to residents of the island. The Authority has three types of facilities that provide primary health care: a single hospital, 17 health centres, distributed across the island which are the main point of entry into the primary health care system, and five outreach centres that provide services on a part time basis (Figures 2 and 3 ). Public health care is the main source of health care on the island; only 14.16% of the total population has private health insurance. Except for the hospital, physicians are available at health centres and outreach centres at scheduled times weekly. This approach to public health provision is generally found throughout the English-speaking Caribbean. [18] [19] [20] [21] Due to the small size, spatial accessibility analysis can be done for the entire island unlike most studies which focus on the relatively small areas of larger territories. Health centres in the study area were originally established on the premise of each being no more than 5 miles away from a community. 22 However, due to external factors that affect the placement of health facilities, including political ones, it is unclear whether this policy was followed. When Luo and Wang. 7 It combines the gravity model with a physician to population ratio making the results relatively easy to understand while addressing the limitations of both. 2SFCA applies a travel time catchment area to health facilities and communities. First, for each health facility catchment, a supply to population ratio is calculated using a selected
indicator of supply such as number of physicians; the ratio is then summed for each community catchment.
The borders of a catchment area represent the maximum distances or travel times that a consumer is willing to travel to use a health service. A series of catchments are computed for all the spatial units in the study area to produce a supply-to-demand accessibility score for each unit.
The first step is represented by
where for every physician's location j, all population locations k within the threshold travel time d 0 of j is found.
This forms a catchment area for each physician. The physician to population ratio R j is then calculated for each catchment centred at each physician location. P k is the population at location k whose centroid falls within catchment
. S j is the number of physicians at location j and d kj is the travel time between k and j.
In the second step,
for each population location (i), all physician locations (j) are found within the threshold travel time (d 0 ) from location i and the sum of all physician to population ratios in the overlapping catchments found. A i represents the accessibility of a population at location (i) to physicians. R j is the physician to population ratio at physician location j. The larger A i is the better access a population is deemed to have at that location.
The standard 2SFCA is limited in that for all locations outside the catchment, it assumes users have no access. 7, 25 Another limitation is that distance decay is assumed to be negligible within a catchment. Without the application of a distance decay function, only one scenario applies: small-scale study areas which are densely populated urban areas.
To compensate for these and other limitations, multiple variants of the 2SFCA have been produced. The Enhanced
Two
Step Floating Catchment Area (E2SFCA) applies weights to differentiate travel time zones; this better accounts for distance decay. 25 Luo and Whippo 26 have addressed the issue of static catchment areas by dynamically adjusting catchment sizes until a base population and physician to population ratio is met. The Three
Step Floating Catchment Area (3SFCA) accounts for some level of competition between health facilities by assigning a competition weight to each site. 27 Delamater 28 proposed the modified two-step floating catchment area (M2SFCA) method which adjusts spatial accessibility where the arrangement of facilities is deemed to be suboptimal. Mao and Nekorchuk 29 incorporated multiple transit modes into the standard 2SFCA function. Luo 30 further improved the 3SFCA method by integrating the Huff model (Huff 1963 (Huff , 1964 into the 2SFCA to better represent competition in health care
services within a catchment. The Huff model is a popular trade analysis model used to estimate consumer choice. 31 It assumes that the probability that a location will be selected is directly proportional to the perceived utility of the alternative, that is, its distance and attractiveness to competing sites. Since choice can be viewed as probabilistic, it is unlikely that any given alternative will be selected exclusively unless no other alternatives exist. The model uses two factors to estimate choice, distance to the service location, and the attractiveness of the location. The original Huff model is
where P ij is the probability of a consumer from j visiting a site i, W i is the measure of attractiveness for each site estimated from empirical observations, D ij is the distance from j to i, β is the distance decay parameter estimated from empirical observations and n is the total number of stores including store j. :
where the probability of population k visiting location j is determined by the capacity C at location j, e the natural base rate of growth, d kj is the travel distance between k and j, β is the distance decay parameter, s is any service site within the catchment, and D 0 is the catchment of k.
Step 1, which calculated the provider to population ratio within the catchment:
where Prob kj is probability selection at population location k visiting service location j, W kj is the Gaussian distance weight between population location k and service location j, P k is the population size at k, S j is the health supply at site j and D 0 is the catchment of j.
Step 2, within which the ratios in the catchment are summed:
where A F k is the accessibility at location k, Pb kj is the probability selection weight of population k visiting health site j, R j is provider to population ratio at location j, W kj is the Gaussian distance weight between k and j and D 0 is the catchment.
A continuing limitation of the 2SFCA methods is their failure to account for the temporality of health supply and the effect of time on the catchments derived. Generally, health facilities do not have all their procurable services always available. This is in part due to the nature of health resources that often require trained staff and/or specialized equipment and the need to have these relatively limited resources available to as much of the population as possible. This results in scheduling which influences a user's choice set, thereby modifying their possible choices.
| Temporal availability in 2SFCA
Following the initial 2SFCA framework, this paper presents a method that considers changes in supply availability called the temporally available 2SFCA (TA2SFCA) method. This method incorporates the improvements by Luo 30 by using the Huff model to calculate the probability of demand on a facility within a community's catchment; however, the negative exponential distance decay function is replaced by a continuous Gaussian function.
To Too small a time window would result in overly involved analysis; too large a window and changes may be lost.
| TA2SFCA is implemented in three steps
Step 1: Derive the 30-minute facility catchments for the time window then determine the probability of demand from communities within each catchment using Equation (7):
where the probability that a user from population i visits health facility j is computed using the capacity (attractiveness), C at health site j, d ij is the travel time between i and j, d is is the travel time between i and any other health site, s, in the catchment D 0 , and G is the continuous Gaussian function:
The use of a continuous function removes the need to use a discrete decay function and thereby the subjectivity of weights. The probability of a site being chosen is impacted by availability of that site in space as well as time; the likelihood that a user may select a given health site in the catchment is influenced by the availability of that site to be selected. Typically, availability in space is considered by using catchment areas; temporally, the only consideration is the travel times used to generate the catchment area.
Step 2 the physician to population ratio for each facility in a time window is determined using
where Prob ij is probability selection at population location i visiting service location j, G ij is the Gaussian distance weight between population location i and service location j, P k is the population size at k, C j is the health supply at site j, D 0 is the catchment of j, and t 1 is the time window under assessment. 
PAUL AND EDWARDS
Step 3 calculates accessibility index total for the time window:
where A i is the accessibility at location i and R j is physician to population ratio at location j.
| Scenario
In the calculation of physician to population ratios, the number of full-time and full-time equivalent physicians is commonly used to represent health supply. Where staffing levels or resource restrictions do not allow for full-time or full-time equivalent physicians to be placed in a health facility, the typical 2SFCA measures may evaluate the physician to population ratio as zero. Conversely, if the estimation is done using part-time physicians, the number of opportunities may be over-estimated.
To illustrate this fault, Figure 4A -E presents a simulated example. Each population centre (A to C) has the same population of five. Health sites S1 to S3 each have three physicians assigned; the weeks that physicians are present are in parentheses. Assuming there is only one facility in the catchment of each population centre, all have an FIGURE 4 Health services availability scenarios: A, accessibility scores without considering temporal availability; B, week 1 availability and accessibility scores; C, week 2 availability and accessibility scores; D, week 3 availability and accessibility scores; E, week 4 availability and accessibility scores Typical 2SFCA measures only consider the presence of a full-time equivalent physician at a facility as an indication of service availability; however, services may only be available on scheduled days; here supply is dependent on the health schedule which varies based on the day. As such, when initially identifying the facilities in the catchment, the proposed method excludes all facilities that are closed as well as facilities which do not have a physician present for the time window under analysis. This facilitates analysis in areas where part time physicians are common and ensures that analysis is not solely based on the location of facilities even when there is a full-time physician present.
FIGURE 5 Workflow

FIGURE 6
Comparison of geographic, mean, and median centres for rural communities e544 PAUL AND EDWARDS Further, in the proposed method, availability is also impacted by average traffic conditions which influences travel time. Combined the TA2SFCA provides a more realistic view of accessibility as availability is better handled.
| Processing steps
TA2SFCA was applied using a Python geoprocessing tool developed in ESRI's ArcGIS Desktop 10.5. The analysis workflow and processing steps are illustrated in Figures 5.
Population weighted centroids are typically used to represent population points; however, unaggregated population data was unavailable. Rather, the community median centre of all buildings within each community was derived. The use of buildings allowed the settled areas to have a greater impact on the derived centre, making it a FIGURE 7 Processing steps FIGURE 8 Distance decay curve for community of Easterfield using Huff 2SFCA reasonable substitute for population weighted centroids as the topography of the study area has resulted in coastline settlements particularly in rural areas (Figure 6 ).
Following the health schedule, two time-windows were identified: 8 AM to 12 PM and 12 PM to 4 PM. For each hour within a time window, an OD Cost Matrix was generated and averaged; facilities found in each window were used in the final OD Cost Matrix table. Using the population points, a road network, and the locations of health facilities which includes health capacity, the probability that a population centre may visit a health facility within the 30-minute catchment is then calculated (Equation (7)). While all facilities within 30 minutes of a population centre are identified, the temporally enhanced method uses the schedule of services to determine true availability. If a physician is not available at a facility within the window or the facility is closed, the probability weight is determined to be zero (Figure 7 ).
FIGURE 9
Distance decay curve for all communities using Huff 2SFCA
FIGURE 10 Distance decay curve for Easterfield using TA2SFCA
In Step 2, the distance weight, which is a product of the travel time from the population centre to a facility and the distance decay value, for each facility, is derived. Following Equation (9), the provider to population ratio is calculated. This gives the population demand on each facility. This is then joined to the OD Cost Matrix table so that the provider to population ratio for each available facility in the population's catchment is assigned.
Step 3 then summarizes the all provider to population ratios for each population to derive the accessibility score for the time window following Equation (10).
4 | RESULTS
| Travel time
The results of origin destination cost matrices form the basis of the 2SFCA method as they outline the 30-minute catchments for each facility and community. When comparing the results of a matrix that does not incorporate 
FIGURE 11
Distance decay curve for all communities using TA2SFCA traffic, the potential impact on accessibility scores becomes clearer. A matrix with no traffic found 986 pairs, whereas with traffic 754 pairs were found. For each community, the catchment area generated when traffic is considered smaller than a catchment where traffic is not considered (Tables 1 and 2 ).
| Distance decay
Distance decay functions are used to represent the loss of opportunities users may experience with increased travel time, cost, or effort. The results of 2SFCA measures are greatly impacted by function choice. The original Huff 2SFCA used a negative exponential distance decay function (Figures 8 and 9 ). The rapid decline of the negative exponential function between 0 and 5 minutes implies that it is best used over relatively small distances.
A common alternative is to divide the catchment into sub-zones using weights within the Gaussian function. 25, 32, 33 One problem with this approach is that distance decay is not considered within each sub-zone.
Due to the lack of data on the travel patterns for health care within the study area, this option was not used to minimize the subjectivity in analysis.
While there is no consensus on function choice, 34 we can be guided by the principles outlined by Ingram 35 in the selection of a function. The unaltered Gaussian function was used in analysis as it ensures that the distance weight applied declines smoothly over the catchment (Figures 10 and 11 ). Tables 3 and 4 Centre. In the Huff 2SFCA method proposed by Luo, 30 the probability is calculated solely on the distance from the community median point. 
| Probability weights
| Geographical analysis
The spatial distribution of spatial accessibility when applying TA2SFCA are shown in Figure 12 . Because TA2SFCA is applied within time-windows, a more detailed temporal evaluation is done. Since health availability is different each day, the number of opportunities per community also varies; as a result, each day has a different spatial accessibility profile. There are usually three or four facilities with a physician on any given day. Areas of high accessibility generally correspond to the presence of a physician in nearby facilities. The results of TA2SFCA also reveal the importance of the spatial arrangement of a physician's presence. Three communities (Bloody Bay, L'anse Fourmi, Parlatuvier) have no access to a general practitioner within 30 minutes for 4 days of Week 1 ( Figure 12A ,B,C,E). On Thursdays, facilities with a physician present form a spatial configuration that results in island wide coverage.
One limitation of the basic 2SFCA method is its sole focus on the location of facilities and capacity size. In the study area, no community has less than eight facilities within 30 minutes (Figure 13 ), and facilities are distributed around the island, not clustered in urban areas. As distance decay is not considered, communities which either have access to a high number of facilities or relatively small populations have higher accessibility scores. This is reflected in the 2SFCA results ( Figure 14) . Altogether, this results in higher spatial accessibility scores which are misleading.
FIGURE 13
Number of facilities within 30 min of each community
FIGURE 14
Result of 2SFCA method
In the results of the Huff-2SFCA method, effects of the distance decay are evident (Figure 15 ). There are clear thresholds around facilities due to the sharp decline in distance decay. Where facilities are somewhat clustered, accessibility scores tend to be higher. In rural areas, the clustering of facilities and the smaller population size results in higher accessibility scores than urban areas with larger populations. Distance seems to have a greater effect on the accessibility score than population size.
FIGURE 16
Communities under with ratios under 0.001 using 2SFCA This paper has proposed a new method of determining spatial accessibility to health care that accounts for the temporal variation in health care availability. The advantage of this method is that it analyses accessibility using the health supply available within catchments rather than using theoretical health supply. In so doing, the existing opportunities accessible to users is better modeled. The use of the Gaussian distance decay function ensures that distance decay is applied throughout the catchment in a more realistic manner. Altogether, the proposed method evaluates accessibility by considering demand and supply within temporal constraints. These temporal constraints affect the catchment sizes via the travel time and the health supply via opening and closing times and physician availability.
Within the study area, there is no locally established measure to quantify health accessibility. Rather, the World Health Organization's prescribed limit of 1 physician per 1000 persons (0.001) is used. Figures 16, 17 , and 18 show communities under this limit using the 2SFCA, H2SFCA, and TA2SFCA methods. Using 2SFCA and H2SFCA no communities are deemed to have inadequate access to health care. TA2SFCA shows that there is only 1 day in Week 1 where all communities have adequate access to a general practitioner. In the remaining days, up to eight rural communities have insufficient access.
Conventionally, 2SFCA results indicate areas where there is a need for improved service delivery through the addition of new facilities or personnel. An alternative approach involves the improvement of temporal accessibility; this can be done by extended hours for facilities or improving service availability hours at existing facilities.
Improving temporal accessibility may be a more amenable option in areas where funding for new facilities is not possible. Additionally, improvements to overall spatial accessibility in an area may be implemented more rapidly through temporal adjustments as the infrastructural changes required may not be as extensive as the development of new facilities. The outcome of this measure will allow the estimation of accessibility dynamically; it can be determined across a single day or several days. The spatial and temporal accessibility for specific health needs or diseases can also be done.
FIGURE 17
Communities under with ratios under 0.001 using H2SFCA
The proposed method provides a first step in addressing temporal availability within 2SFCA measures. While the default 30-minute catchment and the Gaussian distance decay function provide a solid base to model potential utilization, detailed utilization surveys would be needed to define the catchments more accurately for health centres and the hospital. Based on internal hospital utilization surveys, the catchment of the hospital is very likely to be larger than 30 minutes for general practitioner services due to the relatively small size of the study area. day-time population of a community is not necessarily the same as the night-time population. Additionally, persons may choose to combine trips which would influence their choice of health facility and the time they choose to visit. 37 The case study applying the proposed method shows that TA2SFCA reveals areas of poor accessibility hidden in alternative FCA approaches. TA2SFCA better accounts for health supply by accounting for availability within a time window. This facilitates more realistic analysis of supply and travel time, two pillars of 2SFCA analysis. The incorporation of TA2SFCA in health scheduling may allow for improved utilization as it gives a visual representation of the impact of scheduling choices on spatial accessibility.
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